To determine the association between daily smoking and use of nicotine replacement therapy (NRT), and to determine predictors of greater NRT use among methadone-maintained smokers.
A mong the ways to help smokers quit, pharmacotherapy may be particularly helpful. Nicotine replacement products have emerged as the backbone of pharmacological treatment, often recommended in combination with counseling. In controlled trial settings, nicotine replacement has increased smoking cessation rates for heavy smokers by 50% to 100% by relieving withdrawal symptoms and reducing the urge to smoke. 1 The nicotine patch offers consistent levels of nicotine delivery, safety with long-term use, and easy adherence. 2 Higher doses and 24-hour formulations have been shown to limit nicotine craving among heavier smokers. Disadvantages may include insomnia, inability to titrate doses during a 24-hour period, and local skin reactions. Now available without a prescription, cost and noncoverage by most insurers have limited the use of patch among over-the-counter buyers to fewer than a quarter of persons making cessation attempts. 3 The nicotine patch is typically recommended for daily use on a tapering schedule over weeks to months following a quit date. Patients are instructed not to smoke any cigarettes and to adhere to the prescribed dosing regimen. In 1 randomized, controlled trial comparing 4 nicotine-replacement products, the patch had a higher rate of compliance than other forms of nicotine delivery. 2 However, the actual use of nicotine patch therapy by smokers trying to quit remains understudied. Randomized control trials (RCTs) rarely assess participants' adherence to nicotine replacement therapy (NRT), although dispensing information has been collected as a surrogate for patch compliance. 4 When trial investigators do report patch use by study participants, it is typically at the time of an assessment visit. For instance, Joseph et al. 5 reported that at a week 6 visit, 56% to 73% of subjects were ''wearing patches.'' Swartz et al., 6 surveying nicotine patch users identified through pharmacy records, showed that persons who used patch daily (as opposed to less frequently) were more likely to be abstinent during patch use, and had 1.6 greater odds of successfully quitting 9 to 12 months later. Sonderskov et al. 7 reported that among pharmacy customers in Denmark, adherence to free nicotine patch was 45%, 33%, and 38% at 4, 8, and 12 weeks, respectively, among motivated smokers, and did not differ according to treatment dose. Even when the patch is used, smokers often continue to smoke. Swartz et al. 6 confirmed that nearly 45% reported continuing to smoke while using the patch. Shaw et al. 8 reported that 28% of respondents continued smoking while using transdermal nicotine, although the number of cigarettes smoked was less than before the patch use. These researchers have speculated that continued smoking might have been related to low levels of physician counseling. Detailed descriptions of how smokers make use of NRT on a day-to-day basis are unavailable. Smokers with limited supplies of nicotine patch may use it on any given day to reduce, rather than eliminate, cigarette consumption; others may use patch only on days they plan to remain abstinent.
Methadone-maintained smokers are a population with among the lowest quit rates despite being aware of the health risks of smoking. [9] [10] [11] Difficulties in quitting may be due to comorbid substance use, greater nicotine dependence, and interactions of nicotine and other substances via dopamine in brain reward pathways that influence motivation to quit. Given the significant rates of tobacco-related morbidity and mortality in long-term narcotic users, understanding the use of NRT among stabilized methadone maintenance treatment (MMT) patients may be an important goal of public health efforts.
We recently completed a RCT of smoking cessation among the methadone maintained. 13 In this trial, nicotine patch was provided for up to 3 months free of charge, followed by 3 months when participants were followed without a study provision of NRT. The purposes of the current report were (1) to determine the association between daily smoking and use of NRT, and (2) to determine predictors of greater NRT use.
METHODS

Procedure
This is a secondary analysis of data collected during a RCT, whose details have been published. 13 In brief, between February 2002 and May 2004, methadone-maintained smokers were recruited at 5 MMT clinics in the greater Providence, RI, area for an RCT to test in combination with the nicotine patch, the incremental efficacy of an individually tailored behavioral treatment. Participants smoked at least 10 cigarettes/day but did not have to agree to try to quit smoking or to use the nicotine patch. Participants assigned to the minimal group treatment received advice to quit smoking and self-help materials. The advice to quit smoking message ( 3 minutes) followed NCI's 4 A's model for smoking cessation counseling. Participants assigned the maximal group treatment condition received up to 3 visits (a) an initial motivational interviewing session 14 with the study interventionist; (b) a session with the study interventionist on the quit day (if one was set) for skills training; and (c) for participants who set a quit date within the first 3 months, a final visit with the study interventionist, at no later than 3 months, to reinforce skills training. In both study arms, the interventionist dispensed the nicotine patch and described its proper use. Nicoderm s (GlaxoSmithKline, Pittsburgh, PA) was given such that the prescription had to be renewed once for an 8-week course of therapy (starting at 21 mg) or twice for a 12-week tapering course of therapy (starting at 42 mg).
Variables
Timeline follow-back (TLFB) methodology (with interviews including a calendar-guided recall and anchoring of dates to significant events) was used to assess daily cigarette smoking and use of NRT at 3-and 6-month assessments. 15 The TLFB began on the participant's quit date when they would have received NRT. Demographic characteristics included age in years, gender, and race. Treatment intervention was coded 1 if the participant was randomized to maximal intervention, and 0 if control. Baseline indicators of smoking behaviors included the number of years participants had been smoking regularly, the Fagerstrom test of nicotine dependence (FTND), 16 the average number of cigarettes/day on the 28 days before baseline, and readiness to change smoking behavior using a 10-point ladder. 17 Participants also reported if they had 1 or more 24-hour quit attempts in the year before baseline.
Analysis Plan
Our primary analysis used person days as the unit of analysis. We present changes in use of NRT and smoking behaviors during the full 6-month period assessed by the TLFB. We used Generalized Estimating Equation (GEE) models to estimate odds ratios summarizing the association between NRT use and smoking. Tests of significance were based on robust estimators of standard errors as implemented in Stata version 8.2. We augment our analysis of person days by describing the percentage of participants using NRT during the first 3 months of follow-up when NRT was available through the study protocol, and months 4 through 6 when NRT was no longer available at no cost to study participants. We also present descriptive information on the smoking behaviors (% days using cigarettes and mean number of cigarettes used/day) of participants using NRT every day, some days, or on no days during specified follow-up periods. Finally, we used GEE models to estimate the unadjusted and adjusted effects of selected predictor variables on daily NRT use.
RESULTS
Of the 383 enrolled methadone patients, 309 (80.6%) set a specific quit date (and therefore received NRT) and were located for either or both the 3-and 6-month assessments. The 309 participants averaged 40.5 (SD =8.4) years of age; 51.8% were male, and 78.6% were white ( Table 1 ). The mean number of years participants had been regular users of cigarettes was 24.4 (SD =9.69), the mean number of cigarettes smoked per day on the 28 days before baseline was 26.6 (SD =12.2), and the mean score on the FTND was 6.7 (SD =2.2). About 71.8% had FTND scores of 6 or higher, which is consistent with high or very high dependence. 16 The mean score on the readiness to change ladder was 6.52 (SD =1.42); 234 (75.7%) participants had scores of 6, ''I plan to quit smoking in the next 6 months,'' or higher. We observed a total of 48,784 person days during the full 6-month TLFB (smoking data were available for 173.67 days per participant). Table 2 compares the daily use of NRT and cigarettes during the first 90 days of follow-up when NRT was available through the treatment protocol, and days 91 to 180, when NRT was no longer available free to study participants. Smoking abstinence was strongly associated with use of NRT. Using GEE, the estimated odds of smoking abstinence was 7.1 (z =À 14.62, Po.001) times higher on days when NRT was used than on days when NRT was not used. During the first 90 assessment days, participants reported using NRT on 44.1% of the 27,188 person days assessed. Participants reported no cigarette use on 68.6% of the days when NRT was used. By comparison, only 17.5% of days when NRT was not used were nonsmoking days. A similar magnitude of the association between NRT use and smoking was seen during days 91 to 180. Participants also reported smoking more heavily on days when NRT was not used. During the first 90-TLFB days, participants smoked on 16,305 (60.0%) of the observed days; they smoked an average of 4.65 (SD =4.55, median =3) cigarettes on days when NRT was used and 14.93 (SD =11.21, median =12) cigarettes on days when NRT was not used. During days 91 to 180, use of NRT decreased and smoking increased and participants smoked on 76.1% of observed days.
The percentage of participants using NRT generally declined throughout the first 90 follow-back days; 52.3, 27.1, and only 10.4% of the participants reported using NRT on day 30, day 60, and day 90, respectively. The percentage of participants using NRT generally remained low after day 90; the percentage of participants using NRT averaged 5.9% on days 91 through 180. During the first 28 days of follow-up, 37.2% of the participants used NRT every day, 57.3% used NRT on some days, and 5.5% reported no use of NRT. During the second and third months of follow-up, only 4.2% used NRT every day, 74.1% used NRT on some days, and 67 (21.7%) participants did not use any NRT. During months 4 through 6, no participants used NRT every day, 27.8% used NRT on some days, and 223 (72.2%) participants reported no use of NRT.
At 6 months, participants randomized to the maximal intervention were slightly less likely to report 7-day abstinence (10.3% vs 12.2%; P =.59) at month 6. Thirty (9.7%) reported complete smoking abstinence between 3-and 6-month followups. During the last month of follow-up, 187 (59.9%) of the participants reported smoking o50% of the cigarettes/day that they were smoking at baseline, 87 (27.9%) were smoking 50% to 99.9% of the cigarettes/day they smoked at baseline, and 38 (12.2%) were smoking 100% or more cigarettes/day.
Patterns of NRT use differed significantly between males and females during the first month of follow-up (w 2 =7.59, df =2, P =.023). In the first month of follow-up, a higher percentage of females (53.3%) than males (39.9%) used NRT on some days. Males (35.0%) were more likely than females (24.4%) to report using NRT every day. During the interval spanned by months 4 through 6, males (34.3%) were more likely than females (20.9%) to report some use of NRT. And females (79.1%) were more likely than males (65.7%) to not use NRT at all. Table 3 gives the estimated effects of selected demographic characteristics and baseline measures of smoking history and intensity on daily use of NRT during follow-up. Bivariate analysis indicated that only gender and average number of cigarettes smoked in the 28 days before baseline, were associated significantly with daily NRT use. Use of NRT was not associated significantly with treatment (P =.229). After adjusting for other covariates included in the full model, males were estimated to be about 1.23 (P =.023) times more likely to use NRT on any follow-up day than females. The odds of using NRT was also associated positively with baseline smoking quantity; a 1 standard deviation increase in the average number of cigarettes smoked in the 28 days before baseline increased the expected odds of using NRT on any follow-up day by a factor of 1.13 (P =.007) after adjusting for other covariates included in the full prediction model.
DISCUSSION
This is the first study offering a detailed description of the use of transdermal nicotine replacement and its relationship with daily cigarette smoking in a population of heavy smokers. Despite being given free NRT and counseling, participants who set quit dates used NRT on only 44% of treatment period days. On days where NRT was used, individuals were likely to smoke at reduced levels or not at all. Inconsistent patch use may occur for a variety of reasons. First, intermittent use allows for economizing for those persons who have bought, or in this study were given a limited number of patches. Smokers may use patch, for instance, only on those days when craving is highest. Alternatively, if a smoker believes that a particular quit attempt has ''failed,'' and they have not achieved abstinence immediately, they may reserve patch for a later quit attempt. Smokers may intuitively understand that there is little point in continuing patch treatment if they fail to stop early on, in keeping with findings that smoking within the first week of attempted cessation predicts later failure to quit. 7, [18] [19] [20] Intermittent use may also be the result of improper instruction or inadequate provider counseling. However, in this study, all participants attended a session with research staff where they were instructed in proper use of the patch. Several authors have argued that concomitant smoking does not necessarily signify failure of the product. 21, 1, 22 Despite manufacturer instructions to the contrary, smokers often continue to smoke while using the nicotine patch. One concern with continued smoking is a theoretical increased risk of negative clinical outcomes. However, Joseph et al. 5 found that transdermal nicotine did not cause a significant increase in cardiovascular events among high-risk outpatients with cardiac disease, even in that subgroup of persons who used the nicotine patch and continued to smoke. Many successful abstainers use NRT for longer than 1 year. 23 Whether such prolonged use represents unnecessary or justifiable use is unclear, but there seem to be few adverse effects, although tolerance and physical dependence can develop. With increasing evidence that nicotine replacement can be used for a prolonged period with few safety problems 24 even with concurrent use of cigarettes, offering NRT for extended periods to methadone-maintained smokers may be beneficial, given our findings that there were 16.4% more total abstinent days during study days 1 to 90 when NRT was provided free and used more frequently. If one (per au) goal of a smoking cessation program is to decrease overall smoking days, providing NRT for longer periods could prove successful. Previous studies have demonstrated that reductions in other populations can be maintained for years. 25 Given the opportunity, many smokers who reduce but do not quit smoking may also use NRT for prolonged periods, particularly if there is a symptomatic benefit. 26 In a study of Danish men and women, reducing smoking to fewer than 10 cigarettes/day was associated with a 27% relative risk reduction in developing lung cancer compared with unchanged heavy smoking. 27 Males were more likely to use the nicotine patch, as were smokers who smoked more heavily before a quit attempt. There is debate concerning the relative efficacy of the patch for men as compared with women, with some arguing that men respond better, clinically, with patch replacement therapy than do women, because women may be less dependent than men on nicotine, and depend upon cigarettes to provide sensorimotor and social reinforcement properties. 28 The tendency for men to use the patch more than women, independent of baseline smoking intensity, adds partial support to this interpretation.
Our study had several limitations. First, reported rates of NRT could be spuriously high because of self-report. Study patches were provided free of charge; if participants came in monthly for refills, rates of use would likely be lower if participants were purchasing patches. Similarly, there may be distortion in the reports of cigarettes use per day, and lack of biochemical data suggests the need for caution regarding selfreported claims of smoking reduction. Third, it is possible that participants interrupted NRT use because of side effects such as sleep disturbance or skin eruption. We did not systematically capture such adverse events. Finally, our results may not generalize to nonmethadone patients.
Self-reports of adherence with patch use decline steadily over time among heavy smokers receiving patch from clinical practitioners. 19 The actual duration of patch use has been reported to be 4 to 5 weeks in the community. 8 A greater understanding of expectancies and the reasons for nonadherence with NRT use is necessary to promote optimal pharmacological care and improve outcomes.
